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Phosphorus Group Containing Flame Retardant Hardener, Advanced 
Epoxy Resins and Cured Epoxy Resins Thereof 
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tHB£#* ( CNS ) A4*U£ ( 210X297>££ ) 



A5 

B5 

(Bisphenol-A, BP A) » Zl 1$ S — ¥ ¥ 6t (Diamonodipheny 1 
methane, D DM ) » Zl 36 — ^ ® (Diaminodiphenyl sulfone, 
DDS) • H M ft 1$ (melamine, M A)S St flit (dicyandiamide, 
DICY)^«^f^a«*»flgWH«M*ll«fl!ft«l * itffff 

ft ffl 0 n «b a w m m it m ft? a u » tt r ep so m » 

$tffiB§83ffij£^[II'ffc$!J (advanced epoxy resin) • nj « ffl ^ 

^«3K9S«« ■ H « fin 3» SB ft » * i!SiifSilfi(FR-4) • 



Phosphorus Group Containing Flame Retardant 
Hardener, Advanced Epoxy Resins and Cured 
Epoxy Resins Thereof 
The present invention discloses a flame retardant agent and a flame retardant 
curing agent for epoxy resins by incorporating a rigid phosphorus group to 
bisphenol-A (BPA), diamonodiphenyl methane (DDM), diaminodiphenyl sulfone 
(DDS), melamine (MA) and dicyandiamide (DICY), which can be used in the 
preparation of cured flame retardant epoxy resin in the semiconductor encapsulation 
and printed circuit board applications. The bisphenol-A containing rigid 
phosphorus group can be reacted with an excess amount of epoxy resin to form an 
advanced epoxy resin. A flame retardant laminated substrate (FR-4) of the printed 
circuit board can be prepared by impregnating a glass fiber with the advance epoxy 
resin and curing the impregnated composite by heating. 



-2- 



**flUC/ti4fl tHH£#* ( CNS ) ( 210X297^* ) 



i 



*: to 

I PC^I 



A6 
B6 



4£ 
t 

* 

Hi. 
% 



-3- 



;MMfc*Jli4« tBHSM** ( CNS ) A4*U* ( 210X2974Sjjt ) 



H 
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vi 



V 



A7 
B7 



a w « * 

T^nifrBHaffls ( phenol-formaldehyde novolac ) • 
(dicyandiamide) • ^ 2£ §S 3£ ( methylenedianiline ) • Ml 
IS SI ^ fiS ( diaminodiphenyl sulfone ) • SISf ( phthalic 
anhydride) • A tt ft & M ST (hexahydrophthalic anhydride)!? 
# • ft * 3S {£ m K\ ± £ ft Hi ffi S8 ^ ffiJ fiic tfJ ^ EI ft 1* £. H 

itr a » s ct n m m ft m m m m m m 3l • 

II m M a 1st Bi ^ III ft ^ (Advanced epoxy resin)— J& il$ 

s fs m e $ ft: h - m m m a #j m m. m s§ k m m f& • m ta m 

M M U.S. 300495 (1961), 3058946 (1962), 3294742 (1966), 
3929908 (1975), 3956403 (1976), 3974235 (1976), 3989531 
(1976), 4058507 (1977), 4104257 (1978), 4 1 707 1 1 (1979)fH 
4647648 ( 1987 ) ■ Jg * *m » « ft £ W * H ft $0 «J » ffl ^ 

^ « « jk * m a • w is m as « ft s * « ffl as k «s « » ts 
(fr-4) • mmmmzm ° % - -n m • m m ft n - as ft m 

tat Bi H ft ^ (Cured epoxy resin )H$i14 • M *t » ft £f R *4 
^ffl • E3«fcRn»9iiJlJiW3B««B8RIB^eS*PTflff 
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*«*.«X.&i5ffl tBa^l* (CNS)A4 (210 * 297 ) 
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i - ( 2 ) 



A c A 

CH 2 -CH-CH 2 -0-Ep-0 CH2-CH-CH2 




C^CH-CHz-O^EpK^H^H^Hr^-^C-^O^P-OCHz-C^ 

Br CH 3 ifer m 

it «s m * m b§ ^ ei it vo 
^^,o<m<io • Epf§jg %.mm ± m ' 

mmmmmm^mmm^ m±pma • m « tt w « ft 

IB • ffff <h # ^ J£P m m »WSSt««tt»»(££3l5»»ffffl • 

# k fs « *4 % it Rmmnm • 



OH CH 3 



A 



# a w m 75 ( 



Ar Ar 
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•*.*A.f&*.&iSffl 1 63 H fcte* (CNS)A4 (210 « 297 ) 



A7 
B7 



i » &*Jtf$LW ( 3 ) 

fi + R 1 , R 2 SAr»£iKTJ • H^K-P! -l&(Bisphenol-A, 
BPA) • ~ J]£ H — 3? ¥ St (Diamonodiphenyl methane, 
DDM) • ~ S$ 3£ ~ 3£ 61 (Diaminodiphenyl sulfone, DDS) • Zi 
IS5 MIS (melamine, M A)S. fHH (dicyandiamide, DICY)^^< 

m ffsmm^ mm mm mm it^mmmmm mm f$c^m^k 

it W (advanced epoxy resin) • MWitW. ' M f& H 'k W 8£ 
*S 3« « WISH ft % (Cured epoxy resin) - flF J§ « & tg S » 

s m m m m. m 

m m t n (a>s (Dst m & js bs p w ft * is w : 
(Q)i (Q) m 

HO~<^>-X-^)^OH > (Q) i (H) 2 ,N-^)-X-<P)-N(H) 2 . j (Q) j 
(A) 



A 

N N 



(Q)i(H) 



2-iNA N AN(H) 2 .j(Q)j 



(C) 



(B) 

N(H) 2 .j(Q)j 
(Q)i(H) 2 .jN-C=NH-C=N 

(D) 
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*-(*,ihKg.ism t a a * <cns)a4 (210 * 297 > 



A 
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i > ( 4 ) 



mu NH 
F H 2 II 
H 2 N-C-NH-C=NH , H 2 N-C-NH-C=NH 



I I 

Q' Q' 

(E) 



I 

Q" 



(F) 



X 

N N N(H) 2 .j(Q'). 



JJ X (Q'),(H) 2 .iN-C=N-C=N 
»jf X N^ X N(H) 2 . j (Q') j , 

(H) 



(Q')i(H) 

(G) 

NQ' 
II 

(Q') i (H) 2 .iN-C-N(H) l . k (Q') k -C=N 
(I) 

Jt^lSm^SiJSO, 1 §S 2 • IUra>Oi iSj5}S'JgO, 1 
2 • Ji 0 < i + j < 4 : kgOil ■ l.i + k<3: 
Z : — NH2 > — CH 3 W. — <0) 



X : — — CH? — — C- - 



:h 3 

-H 3 
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tBHW^ (CNS)A4 (210 x 297 ) 



A7 
B7 



i - ®Wi<LW ( ^ ) 



Q: 





At 
0=P' 
Rl-<|>-R2 



Q': 





1 



n * r'r s'J m h, ci-ci8itiiisc^a^», 



Ar= 





C6-C1 8^ 



: SnlO 



$5 tfJ 



Jt 41 r= C1~C4*£ 

■ # » «b a?j ^ w ft 

■ *»"««^*ft^«sws(B)(i9ft*efli • 

*S! ^ w •*»wfl9'&»ft^ i »»w^ <e)Sc (F)W itmm 
mm&i ' #aww*«fls^i*jft*r.5*(G)«jft;**sfli - 

t£ W • * fi ijg ft £- ft ft ^ ft ft ^ ^ (H)l£ (I)«J -ft ^ e 
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i » W3LW ( 6 ) 



:h 3 



X : 



:h 3 



X : — CH 2 - 



X 

A 



EH 



(i W • A r M ^ ft, S ' 

***"fl«*»ft^»JtW(G)-(i)fisi{k*e*i«'Rs 

W • Arli ¥ S ° 

• iRisoic i ■ 
k fi eu • z : — NH 2 

* it ^ # » ?n - m m m i$ m m m w it «s « « » s§ * h 

ft % ( Ad vanced epoxy r e s i n ) ESI B3 ft ^ ( c u r ed epoxy resin) • 

IftfT ?'J ft * *S *S it ( J ) : 

OH OH 
T— O-Ep-0-CH£-CrrCH 2 -^-0-^'— O— CH 2 " 



5t4 : 

o < h < io; 

T = Lj£ M • it 41 
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*l*.ftK&i8ffl tHa^ffi* (CNS)A4 (210 « 297 £-« ) 



AT 
B7 



i - %tmzw ( 7 ) 



L= 



-CKfCH-CH, 
M= -CHo~~CH— CH, 



T= LB# • 5$(J)J§ 



mm^ffifc® ' » T= ME# • 



A'fS 



:£(J)fS 



(Q)i 



(Q) 



m 



if 4> Q • X • lRm^j^|g[5]± ; 



Epfi 



Y = -CH — , -C- ) -O- i — S-^-S- 

:h 3 o 




R 





CH) • SgglM6fi 



s m, m m ^ h it w m m it ® (J) 
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i - fcWISLW ( 8 ) 



o 




a 





K4 J Yg-C(CH 3 ) 2 - • 

mm.® mum 
A 

CH,CH-CH 2 
H-> — J 





g 



# si m m m m m « w b§ ^ e it m (j>w - -a- a is « ^ a 

^ 5* (A)W ^Jfcfc^lSliifiWjlWTTCWiR 



A c A 

CH 2 -CH-CH 2 -0-Ep-0-CH2-CH-CH 2 



* » 9i w * t« it & w (A)-(D' * n ^ w ^ fli m ft ft *& fig 

ffljste« , Sftga£B$ ■ & or ffl 3» « » si w *i «R w • 
a^8i*»"a«^»ft^» (a)-(dw ^ a fi (® ^ 

ft t=r ^(A)-(D): ft*»iIIRftSiP!-B • 

¥ ' iKirfi • = 55 ft Kc • ft M (Substituted BP A - 

D DM ■ DDS • MA&D1CY type): 
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***.&K.£iSffl t @ @ f - (CNS)A4 (210 x 297 ) 



A7 
B7 



3- - titWWfi ( 9 ) 



ho_ (0^~ : ^0^ oh + (i+m)Q ° H ~~ * (a) + (i+m ) H 2° 



(B) + (i+j)H,0 



A 




(i+j)QOH 



(C) + (i+j)H 2 0 



^H 2 

H^-C^NH-C^N + 0+j)QOH 



(D) + (i+j)H 2 0 



ffc-o ^ (E)ft (F): » BOD S2 (Dicyandiamide addition 
product type) 



H?N-C-NH-C=N 



+ (li3>c2)Q'H 



it ^ ^ ( G ) - ( I ) : IffiftlHSSKS 
Melamine and Dicyandiamide type) 



(E) m (F) 



M M (Substited 
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±tMkK&&m taa^j^ (cns>a4 (210 x 297 > 
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i - #9mw ( 10 ) 



A 



H7N 




+ (t+j)Q'Cl 



( G ) + (i+j)HCl 



7 



^H 2 
H 2 N-C=N-ON 



+ (1-2)Q'C1 



(H) + (1-2)HC1 



(I) 



hu & s si ^ 4> qohr nftfisises ( d-<2) 




+ 



,/ 



c = o 




(1) 



Wj ft Bf • ffi K f# Wtftg [2-<6-« ft; -6H-- 3£ itf <c,e><l,2> 
«-B$KI-6-X)¥ El] 

[2-(6-oxid-6H-dibenz<c,e><l,2>oxa-phosphorin-6-yl) 
methanol] (fiffgODOPM) 

o=p 




rL 



+ 



c==o 



R 



(2) 



OH 
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*-t*.ft.K>Zi&m tSa«^ (CNS)A4 (210 « 297 ) 



II 



i * &Wi$LW ( ) 



A7 
B7 



¥ SP (diphenoxy phosphoryl methanol) ( fig fg DPOM) • 



+ POClj 



o 




(3) 




+ POCK 



HO 



-A' 



+ POCK 



CI 

(ODOPC) 



Y 



(4) 



& MX (4)* ft R, nSAr«,£ iH± . * S Ig 3 (4)* «, 

ft • SArg^SBf , m«f#65^ttSz:^fliB«(dipheny] 

phosphoryl chloride • fgJfgDPC) • 



*«KBHfcm*jiB^tt • IS - SI Bf fig £ - « * # fl§ ^ g, 

(Matrix)® 8§fi^il|^ ftfi 2 ffl • 
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+ aH£«$- (cns)A4 (210*297 ) 



AT 
B7 



.2- - ( 12 ) 



m 



(phenol-formaldehyde novolac) • SI 
(dicyandiamide) • ^ISSI^fS.(rnethylenedianiline) 
§f 3£ fiS (diaminodiphenyl sulfone) • & gg IT (phthalic 
anhydride) - R 7a ft ft & WL fF (hexahydrophthalic anhydride) 

m am. £ mm • 

ts? % • *mw&3mmmm,mmmitv>} • « {£ m m k 

jfif ^ 1 50°c W » & ft T St fr R ft R fl5 ffi M fl • 

R<£ife • $Sf«i«SSIiStIiBff:ftftf 0-5-3011 
% • HfgfUife • o.5-5fi a %&<H$ • 

ft {£ it * ??- * T S. & 1 oofi S ® W K K jRS * 

ft ttf it ^ m ft m <£ n o.oi -2. oa m m w w ft w m « ft <s % 
At it f? ft Kmmmm • — ^a«j«*»insfl:iisaiws 

HISII • ffi, ft Z. S H W) & $8 (ethyltriphenyl phosphonium 
chloride)~EPS^^(2-methylimidazole)S — Z. I 0 ¥ 1 
# (2-ethyl-4-methylimidazole) ■ 

M m # s B ^ w n ft « ii rt s ^ *n w at ft ts hs w fa 

n — 63 A (bisphenol A) • gg S3 F (bisphenol F) - §f S3 S 



(bisphenol S) • Sg 13 (biphenol)^ Z S8 



H Vf ^ IS ft tSf Ib (phenol formaldehyde novolac epoxy) - ^ 
S3 K tf 7f ft iaf II (cresol formaldehyde novolac epoxy)^ 
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*-tMkKJZ>&m tHH^ttif. (CNS)A4 #.te(210*297 'J>m ) 



A7 
B7 



s n * it fr s m h m • 



* 
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^iMkK^m - (CNS)A4 (210 x 297 4>£ ) 



AT 
B7 



|g ffi #!| 1-A ( P-l-A.ODOPM-BPA-A ) : 

a Affft*»a*p» w 1000 mi eg □ HfittffiSK 

• JP A IS 5 (22 8g)^ H — gfr (bisphenol-A , B PA) • 9t 

Kfflg^sii 7or h j& » # • m bpa^ ± m & ' n 1m a 0.7 

g (0.3 wt%)HK«i • *S&««JP A l^^(246g)«J [2-(6-fc 
ft -6H-r f 6t <c,e><l ,2>ft -ffi It - 6- S )f S ] 
[2-(6-oxid-6H-dibenz<c,e><l,2>oxa-phosphorin-6-yl) 
methanol] (fgffgODOPM) • m ODOPM^ ± M A 'ik ' 3fe Jf? 

gflffi?HI 220t • f? fl£ tK S IS • i» R IB £ fifc *& » 

S ft 1 H S (cyclohexanone) • ffl tR Yra *5fc # • f? ft * £ T 
12 SSHf f# P-l-A (P-l-A,ODOPM-BPA-A) • 3& ft S£ 1 2 5~ 1 3 2 



|^fS^iJl-B (P-l-B,ODOPM-BPA-B) : 

a a « jfp « u it # t§ fiu i ooo miegp^ai^iiisiftjfisfls 

#i 4 1 • ttl A Ul 5 (22 8g) £ ~ g& (bisphenol-A , BPA) • % 

i»iaKfl-W£i70Tc BflJfcif # • SBPA^^m» • Sin A 

1.14 g (0.5 \vt%)BK Iff • ^mtltSiD A 1.5^^ (369g)W 
ODOPM • m ODOPM^ ± jjQ A %. ' M J» ffi ffi IS « 34" W S 220 
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*».»X./ii!lffl + SB£«* (CKS)A4 (210 « 297 ) 



A7 
B7 



3- » &WtSLW ( '5 ) 

°C • S B£ tK K JB 8/> Bf • Jf$Kffl£/£1»?g#^J8af! ■ ffl 7j< 

• S^lf^T^te^ffl»P-i-B (P-l-B.1.5 
ODOPM-BPA-B) • fJtffc U 136~140°C • M $ 96% , ft ^ S 
8.1 6%. 



glfijl-C (P-l-C.ODOPM-BPA-C) : 



ii A *g ffl W. W] m W W 1 ooo miegnfl-BiiSHIIgglJEKffi 

+ ' JtJPAl^^(2 28g)^lFg-H& (bisphenol-A , BPA) • ft 
KF r£ ft fl- m 1 70"C Bfi it # • M BPA^ £ jg ff| • S to A 

i.i4 g (0.5 w t%)mmm • j»a*ttJn A2^^(492 g )«] 

ODOPM • m ODOPM^ ± to A ft • 36 US ?S S 1f IS 5t S S 220 

°C • H Bi * K BI l O/Js • ^Sii^^i§(i¥^13i • m 
*.mtk&X • H^KffiT3RKiS«»P-i-c (P-i-c, 2.0 

ODOPM-BPA-C) > -ft »i 143-148 "C • it 32 92% , ft^4 
9.06%. 

SSSfff #12 (P-2, DPOM-BPA) : 

MAW f D m ffi) *t # is W 1000 mlESP^gt^HDStiUfiSJ?! 
g| 4. , A \ M~Sr (2 2 8g)£H — Sfr (bisphenol-A, BPA) 

I70°c M&iltt • SBPA5g^}§8? • BiDAO.7 g 
(0.3 wt%)|&K$P • «ft««Jn A H5(264g)W - 
Ef3 g$ (diphenoxy phosphoryl methanol) (fyf fg DPOM) • ^ 
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*M.»K.£i5ffl + H ffl (CNS)A4 (210 * 297 ) 



AT 
B7 



DPOM^^JnAft • 36 HF i&KTf-SS M 220°C • SK7icSffi8 

M £ T M 12 ?§B!lf# P-2 (P-2,ODOPM-BPA) • tfc "ft SS 1 18-124 
°C • jS>£98% • ft 6.54%. 



§gfia#'J3 (P-3,ODOPM-DDM) : 

SA«5RI*I&«#»W 1000 ml 29 P75-^5ttiIJ£^JERJ!S 
8tf ' JP A 1H ^(I98g)£ - - * ? 

(diaminodiphenylmethane, f« DDM)ft vS JS Tf- M M 170 
°C K3$&8t# • £DDM5t • SAD A 0.7 g (0.3 wt%)@§ 

' £S \k IS IS iP A 11 M (246g)ffr ODOPM • f ODOPM^ 

^mxm - Mmnmnmm22o°c • wist m * & m • w 

E14«^«IS?^iafi • ffl tR ft # # • Rf^I^TI 

$2 }§ fflWf P-3 (P-3, ODOPM-DDM ) • ^ -ffc i 1 4 5 ~ 1 4 9 °C * jl 
m9S% , $f ^ ft 7.28%,M ^ ft 6.57%. 



SS#0!I4 (P-4.DPOM-DDM) : 

m At w/fi^s«j iooo mira p^re^misj»jfiisai 

it ' A 1513? (198g)£DDM5fc}g*gK;f4-KM 170°C M% 
fgjf , gDDM^^iS • f? ft] AO.7g(O.3wt%)Bt^0F ■ 
^ SfS ?JP A 1^ 3? (264g)&5 DPOM • m DPOM^ ± ft] A '<k ' 
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*SS&«* (CNS)A4 ML& (210 x 297 ) 



A7 
B7 



mmnm^m - s 7j< » & # # • 

(P-4, DPOM-DDM) • ftfcfi 136~141°C ■ M >?9 8% , ^ M 

4 . 3 2 % , ft ^ ft 6 . 3 1 % . 

$gfi#(!5 (P-5,ODOPM-DDS) : 

4* ' *P A IS 5 (248g)^ Zl B$ S Zl ^ 5S (diaminodiphenyl 
sulfone, ffifi?DDS)$fe|»iflK51-KS 180°C £ DDS 

^^f§f$ ■ SinAo.7g (0.3 wt%)B»»*8«««JoAiJt 

^ (246g)lft ODOPM • ^ODOPM^^JDA^ ■ MJWSJg^S 

5 220°c - SIR*Sil[8/jNKf'»Si8^fiJcW*ll¥»«3H • 

ODOPM- DDS )• ft >ffc M 147-1 52 °C ' * 92% , $f^fi6.51%, 
® ^ ft 5 . 8 8 % . 

MtfS#'J6 (P-6,DPOM-DDS) : 

a A^fnmiijM^^w iooo mira □ ^-gt^ Hi^«ffi;sffi 

4 1 ' SP A IS 3 (248g) ;£-)i£K:^^JH (diaminodiphenyl 
sulfone, DDS)ft)»fflK?hWS180rMjft«#MDDS^^ 

* SJP A o.7 g (0.3 wt%)ggK# » iSfiiio A 

(264 g)#jDPOM> ^DPOM^^JP A ^ • M l» & S ft W S 220 
°C • B K * S Jffi 8/Jn ft • j»Sffi±^%j§»^3BBH - ffl * 
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+BB $4** <CNS)A4 (210x 297 ^2 ) 



A7 
B7 



i > &WiZW ( is ) 

ffi m # 3c • S ^ K 35 T ft K M « P-6 (P-6, 

DPOM-DDS ) • K-ffcfi 141~146°C • j£ >f< 92% , Stf6. 28%, 

M. S S 5.67%. 

SS <S 09 7 (P-7.0DOPM-MA) : 

S cfi . 1^5(126g) £HS5«lB$(Melamine, ffifgMA)S500 
ml£N,N--EpSZ 1 gfB$(N,N-dimethylacetamide - fgj 

dm Ac) • ft m. is 31- its s 9o o c ffl % m & • m.MA^^mm • w 

JP A 0.63 gBgg?#P • itS ft 1ft « AD A lgI(246g)65 0DOPM • 
^ODOPM^^JP Aft • 2£ ft IK 34- £ 168°C • 
/J\ Hf • &&&& ' gil#P-7 (P-7, ODOPM-MA) • (fc ft |& 
129~134°C • M^98% , #? ffi 8.76%,® ^ ffi 23.73%. 

K{f#'JS (P-8, DPOM-MA) : 

ffi-§£Wf2*P=i§#J^^i§ • « 48 ifi SE fii *!l H • IK& 

a a e ?n m id *k # g§ w iooo miEs □ ft-m.j£mig.mmix.m 

m^P • 1K-H(126g) ^H^#.fl$(Melamine)S:500 ml£N,N- 

- ¥ £ Z. Si B$ (DM Ac) • ft ft ffl & 34- M S 90°c Hfl #3 M # • S 
MA^ii§6? • SJPA0.63 gUTSS^ • #S ft till JP A 115 
(2 64g)£fr DPOM • ^ DPOM5£ JlP A ft • 3£ft?£K34-HM168 
°C • WSffi8/jNB# • tflWmm • *g*6»P-8 (P-8, 
ODOPM-MA) - tfc-ffcM 124-1 30t • 98% , g$-^*8.3 3%, 
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4-iAikK>ii&R tHS&«* (CKS)A4 (210 * 297 ) 



W A7 W 

B7 

3L » 4HJ%i« ( 19 ) 
« ^-ft 22.58%. 

(P-9, ODOPM-DICY) : 

a \<g mmmmwmffi} 1000 miEga^gt^iugsitfaRtfi 

g§ ' A lM5(86g)^#(.§lI(Dicyandiamide, fgf fit DICY) 
& 500 ml^N,N-rf !Z,il(DMAc) • 9t 98 M. & ft W M 90 
tPSfein • MDICY^^?^^ • BSflA0.6gilff - 
fi 11 Jn A 1 M 5 (246g)^J ODOPM • ^ODOPM^^JnAfS ' 

m m : & & ?t m ^. i68°c • ??rjk8/Jnb# • h*sp&% • <e*M# 

P-9 (P-9, ODOPM-DICY )• ft U 138~143°C -^^98% , ffi 
ft 9.8 7%, M ^ ft 17.83%. 

iii 10 (P-10, DPOM-DICY) : 

«e — RW<ej»»w^*s - ^s^iasssis • gift 
5i A*fp«»au^8W iooo m\m a ^■m^m&i^MRm 

m^P ' ;jDAlig(86g) 2f 1(DICY)S 500 ml^N,N-r f 
M ^!HB$(DMAc). $t^Sa?fffiM90°C 1 SDICY 

• ff/JQ A0.6ggtK-g?3 •SaSftlnAigB (264g) 
KDPOM • I? DPOM^ ^ JO A ft • mm&&ftMM\6S°C > 

W5ffl8'M$ • ftwmm * «g*R» P-io (P-io, 

DPOM-DICY)- (fcft U 129~135°C • jg Jp9896 , $|^g9.34%, 
M ^ ft 16.87%. 
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A7 
B7 



i - &m&w ( 20 ) 



1 1 . 



R PI (Dicyandiamide) j]Q fa M # « -8f X H 3? ft SI £ £f fit 
S8f»€»J 11 (P-ll. DOPO-DICY) : 

» AWfD «I*J«# H W 1000 mlEP^gt^BJgJIlffiRffi. 
S * ' *P A lH 3 (86g)i£ fKK (DICY)JP S 120°C M DICY 

5c 3: mm ' *SfiHft*UnAiJtS(2i6 g )«j9,io-- M-9-S 
-10-$? |p 10-fi ft^ 

[9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide, fig 
fgDOPO] • m DOPO^ ^ Jp A ft • MWiafifl- KM 190°C • 
f?Sffli4/JxHS • ^§Pf#P-ll (P-ll, DOPO-DICY) > tfcftW 
13 7~143°C • jg>£96% • 10.26% • ft # * 18.54% • 



HI m 12 (P-12, DPP-DICY) : 

»A«fD«»*i*swioooiniegn#«a;nig««sEJ« 

S * ' SP A lK-3(86g)^«.l(DICY)$t^iaS?f«M 120°C 
RJ & ffi W M DIC Y^ £ )§ ft? • ft « « *P A US M (234 g)fltj 
55 $? M — (diphenyl phosphite, fififg DPP) > ^DPP^^: 
tax®. • 36 MF ffl SE ?f i%" M 1 90°C • H R J?8 4/h B# • tf* SP f# P-4 
(P-4, DPP-DICY) • ft 1 3 4-1 38 °C • M 32 9 6% , 
1:9.68%' M-^S 17.50% • 



BIS! ft »J^H« 



(Dicyandiamide)Hi 
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**&K.£iSffl + @0$ffi4L (CNS)A4 (210^ 297 ) 



W A7 W 

B7 

i - Mtft^ ( 21 ) 

Kft^lJ 13 (P-13, ODOPC-MA) : 

m xmmmmmw^^ 1000 miegn^it^HiSMffiStt 

' JPA115(126g)^E^«.K(MA)fi500ml2N,N-Z 
flZBK (DM Ac) • Rffift fpjff M 120t St&m MAf ^ & 
IS • ftS&ttlftttl A lltif (25 1g)#J [2-(6-fHfc-6H-~ 
<c,e><l,2>S .]» BE -6-S )4K ] 

[2-(6-oxid-6H-dibenz<c,e><l,2>oxa-phosphorin-6-yl)chloride - fBj fli 
ODOPC] • I? ODOPC^ M A ft • & ¥t T&. JK ?f IK M 170°C ■ 

BSI 16/JxBf • JftSPSSiS ■ £2J$! »P-13 (P-13, 

ODOPC-MA) - $*:-ffcSi 13 7~142°C • $ 94% , ft ^ a 
9.10% • M "a" m 24.67% • 

S2fifl#!J 14 (P-14, DPC-MA) : 

at a « in « ■& au^ s w i ooo miEs p ^ it ^ b js j» jk r as 

• JO A IK 5 (126g)£ = 5? tU$ (Melamine)S: 500 ml2. 
N,N-- Ep S Z, SS K(DMAc) • Jf iSItill 120°C Jiff S MA 

^ 3- is m ' m ft « « »□ a i * if (253 g )w - ^ 1$ be «. 

(diphenyl phosphoryl chloride • ffi^gDPC) • # D P C £g jto 

Aft • 3fi 89 fl- M M I68 0 c • HS«S10/>B# • ^ SP Sfi X • 
K^f§P-14 ( P-14, DPC-MA, MW558 ) • it & 1 3 1 ~ 1 3 5 
t • M 2? 94% , ffi ^ a 9.05% ■ SI S A 24.53% ° 



-24- 



iSffl tSSItffii?. (CKS)A4 (210x 297 ) 



A7 
B7 



i - ftwrtw ( 22 ) 

Hffiftl 15 ( P-15,ODOPC-DICY): 

ffi-^wig^^w^M^ • *r « « ?a ftfl as ■ ft ft 

ii A « Kiig^ S 1000 miizg n^H^HIiS^ffiSffi 

Si + » 1JU A lK?P(86g)2.tlM(Dicyandiamide)S 500 ml^L 
N,N-~ S Z IK(DMAc) - 5t»iSIftSS 120°C fll # £ 
DICY^*?g» • JP A lHlT(251g)6UODOPC ' # 

rp • frsnaa * ee «6 1# p-i 5 (p-15, odopc-dicy, 

MW515 ) • ft ft S£ 134-1 39°C ■ ^ 96% , "a S 10.32% • 
fil fit 18.64% - 

88 «0J 16 ( P-16,DPC-DICY ) : 

iai m mnntns «j 1000 miHP^K^iajsttjfasjs 

gg 4 1 ' ftl A IK 5 (86g)^l (RK (Dicyandiamide)S 500 ml£ 
n,n-~ ^ » ^iK(DMAc) . MiBS fl-KS 120°C 
DICY^^ - «S»««»n A H3fiDPC (253g)« ^ DPC 

^^JDA» ■ MSSiSKft- SI 170°C ■ BSIM^B? • 
l&m ' S2*Sf#P-6 ( P- 6, DPC-DICY, MW519) » (ft W 
127~132°C ' M>£96% , 10.2 5% • gl ^ * 18.5 1% • 



i. R~g&JlfttftfI§( Bisphenol A epoxy resin)|ft^^^Z 
g» (ODOPM-BPA)S Jffi ^ @ itVd ( Advanced epoxy 
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i * #B^|£B^ ( 23 ) 

resin ) 2. M {ft 

n mm a <p-a) 

^m&Kmm* • spas 64 g m — mmm.mm (. Bis P henoi-A 

epoxy resin,iSa#*EEW=188) - UX M B Dtt JSft S 11 0°C • 
H B# JtlD JU * # 3fi K S. ( <100mmHg) |^3 0^M - \>X P£ 

I«iSs^aiW7jc» • !8 K JM t£ II S JE 3£ ffl A 12 *t W 

• ffi^fg^is s nor 'ik ' to A 228 g ^p-i-A 

(ODOPM-BPA-A)jtg ffi m.W i% 'ik n m A 500 ppmlft SUfc Z- 
S H |& S IS (ethyltriphenyl phosphonium chloride)' W. M $k 

m. m fc m 1 6o°c - m & 1 6o°c t s ffi. Bt • k m m £6 h# w 
igftsfjuffist itti3.o : i • f§ n @ m m m m m • mm 
m m & n 396 . 



frsfe^jB (p-b) 

y.P-1-B (ODOPM-BPA-B)IR ft » MM A^P-1-A^ • Jt 

twsi ^ ft ^ m n m m a*§ m • &.mMmt&m#immm 

IH»***thS3.o: 1 • f# SO El ft H « SI • «Sfi 

fil 424 • 



» mmc (p-c) 

WP-l-C (ODOPM-BPA-C)$7.ft *Sffi#'J A5l P-l-A 
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i > &*mm ( 24 ) 



j§453 • 



ItS 3.0 : 1 • ft 



win 



fct m m a : 

J^H — SJ (BisphenolA) U2 ft * 5S 0!l A«J P- 1 - Af fx ^ 
H -ft 5 (advancement reaction) « E J* 1% Hfl £o H# * *I ft 3S 

!Ri 19 » £ » tb 8 2.04 : l ■ RiW5IH<tf ^SIM A#i 
H • f# llSlStl fll • K iR ft © * ( EE W ) M 483 • (» 
M) 



tb m M B : 

IU H -ft P3 — g» ( tetrabromobisphenol A ) ft K Sffi 0!l 
AfitJ P-l-A^i ff ^ IS -ft S (advancement reaction)" E ffi f£j 
M #j 03 • Ut&3£§BI»*#«tbJ§2.58: l . £t ft g M m ft 



mi « sffi 0! i ffl m - ffl 



ss « * w us • $t m ft m a ( eew > 



S 483 • (jSfffiTBBA) 



tt $5 00 C : 

Jjl*(3-»*i)¥»Hl[bi! (3-hydroxyphenyl) 
phenyl phosphate • fffl fg BHPP]3£ ft S 5S 00 A 65 P-l-A# iT ^ 
HI it 5 M (advancement reaction) • R ffi ?£l Ifl £n B# ' M ft M 

m m & m a tt m 2.04 : 1 . jt t$ s ji £ ft n? m n m 00 ah 
m - mm®mmm.mm • » m m % * ( eew ) m 483 - (fa 

fflBHPP) 
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Z- - &WiZW ( 25 ) 



ii.¥ m it m m. m m w % ± m it 

mnm m a-cs tb & m A-cetj ^ m it m m m m • ft m m 

ffiUgJtffrS&BflsffiB (Phenol- formaldehyde novolac, 
PN) • H fi§ M. M -S3 H faf Sb (Melamine-Phenol-formaldehyde 
novolac, MPN)S. ill (Dicyandiamide, DIC Y)M W it ©J ' #Q 

m s 1 5o°c m *§ it k^c is • m.wn^'& • m xmmm^& m m 
mmit - i7ot -/Jnb# x«-2oo°c - /jsBt s^^a-fk • m — 
mmitwmmmviimwtffiftinwttm • *-iijsul-94si 
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x- - &wt>tw ( 27 ) 



- UL-94gjS8fflH69es 
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iM. m 




mm 


PNgfHS 


P ( 0 00%) 


89 






V-2 


p_ A-PN 


p n 54%) 


1 8 




&£ 


V- 


P-B-PN 


P (2 20%) 


0 




fit 


V-0 


P-C-PN 


P (2.96%) 


0 




ffe 


V-0 


MPNS^HS 


P/N (0 00/3 11%) 


36 






V-2 


P-A-MPN 


P/N CI 67/3 93%) 


2 




4ffr 


V-0 


P-R-MPN 


P/N (2 36/3 71%) 


0 




& 


V-0 


P-P-MPN 


P/N C2 97/3 11%) 


o 




4fff 


V-0 


DICYfpS 


P/N C 0 OOP 78%) 


52 


+ 




V-2 


P-A-DTCY 


p/Mfi 86/3 36%) 


0 




& 


V-0 


P-B-DICY 


P/N (2.61/3.14%) 


0 






V-0 


P-C-DICY 


P/N(3.26/2.96%) 


0 






V-0 


TBBA/PN 


Br (17.72%) 


1 


+ + 


w 


V-0 


BHPP/PN 


P (4.27%) 


0 




4fff 


V-0 


++: mm 


+ : iSfe & 


--: mm 




. : p£ 
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i - &WiSLW ( 28 ) 



C=3 



mm 



mm 



fs m a a - w es ft bi ^ ^ s ft m 
i. ju p-i -p-i 6f£ g a ft w ig ?s ft bj ^ ± m ft 

f JSMi-16 

|sj fft^$? R®-65SH W5Eft^J(Pl-A ■ P2~Pl6)fp 

¥ S SI *S ft ^af Ss (Cresol formaldehyde novolac epoxy 
resin ■ C N E ) ft 5S ft JN ( W 5S 01 1-16) • C N E ± aft & ft JW M 

• mmm mm mmmm m it m • m 

H^Sfl$(triphenylphosphine)£|{IftgiJ • ffiiftl'ilSI) 
* jR 36 K # i% • 36 JU Itb » * 8t SK (£ ft . jfj* 50kg /cm 2 M 73 • 
150°C T SI ft l'J>B5 ' ^ 170°C • 2/Jn0# • |? S* 200t 3 /Js Bf • 
f#PJ@ft«^ • 

tb = 

fel B& B£ St fla (Phenol formaldehyde novolac, PN)5Z ft * 
1 [ft ODOPM-BPA-A (P-l-A) |SJ9 SBJK 

(cne)p ?t go ft E Jffi ,f# mik&m. 



mm 
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A7 
B7 



tb «t m 2 ■■ 

ML E3 ?A -ft F*3 — B& (TBB A, tetrabromobisphenol A)I2 ft 
K mm lfiODOPM-BPA-A (P-l-A)E? » St if it ft ft fii (CNE) 

Pi * fr El it S IS ,» H ft M ^1 . 

tb & ft 3 : 

& ss (3-« * * m m m [bhhp]is ft m mm ift 

ODOPM-BPA-A (P-l-A)ffi Ep g gj g « ft ft fig (CNE)f ?T El 

ft K ffi , ft EI ft £ - 
tb t£ fll 4 : 

mM(DICY)ISft » ££#'J 1 W ODOPM-BPA-A 
( P-l - A ) m f a S» Bi H ft ft (C re sol formaldehyde 
novolac epoxy resin • CNE)$ @ it R M M S it ■ 

tb ¥A m 5 : 

£1 = M m. to (MA)K ft Sf 00 » W odopm-bpa-a 

(P- 1 -A)|5i Ep g gj) g£ ig ft ft B§ (Cresol formaldehyde novolac 
epoxy resin • CNE)lf§ '{J H f fc 5 JK ,f# f£\ it M W ■ 



tb R 00 6 : 

R — Sft (Bisphenol A, BPA)5Zft 
ODOPM-BPA-A (P-l-A)SiEpSg,} 

fbR«e,»Hffc*». 
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i » ftwttw ( 30 ) 



tt 15 m 7 : 

(diaminodiphenylmethane, DDM) 

mixn mm iwodopm-bpa-a (p-i-a)|5i w s m si m « 

Si (CNE)S ffffl{fcRfll,»Hfb«». 



th $5 0!l 8 : 

iik — JK 8 — ^ 5H (diaminodiphenyl sulfone, DDS)|S 
ft KS6#IJ lftjODOPM-BPA-A (P-l-A)EM Ep IgJii 

(CNE)f fr h ft e fi mitmw- 



mm 



th « «f SS 00 i ~ 1 6,tb tft #'J l-sffift^Wi ffi & « 
« (* H )Jfe si Dp » jg - g| @ K ffi: % ( * E3 ) • Kfi UL-94H 

Ji* iflij ft* la £ ( * S ) • 



31* 



it 
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5- * &Wtm ( 31 ) 



HP 


S ft w 


38 *R W » iS S 

(TG > °C ) 


T4 m 

50°C ' dyne/cm 


+fr- fKti 1 

w mm \ 


r - 1 


1 C /4 

1 


0 . y 


I 1 f J 2 


P - 2 


1 A 7 




K Sfc 00 3 


P - 3 


z J z 


/ . 5 


■^ftj- -i./— /Xil A 

K 00 4 


P -4 


loo 


7 1 


T4y J-A- /t-,1 c 

M m 00 5 


r - j 


7 

Z 4 3 


9. 1 
o . J 


M m 00 6 


r - o 


7 r» 7 


7 A 


K SS 09 7 


P-7 


o o 
2 2 6 


O . 1 


K tfc 00 8 


P- 8 


17 8 


7 7 

/ . Z 


R S& 00 9 


P - 9 


"1 A O 

z (J 8 




M M 0H o 


P - l 0 


1 © 6 


7 1 
/ . 1 


j£ 1 1 


P - 1 1 


2 2 j 


C ^ 
O . J 


a SS 00 i 2 


P - 1 2 


ion 


7 Q 


M SS 00 1 3 


P - 1 3 


224 


5 . 3 


T«» -1./— At-,! 1 j 

W 5£ 00 l 4 


P - 1 4 


1 O 1 

1 5 1 


7 7 
/ . Z 


-sis: +A- Anil 1 A - 

R Sfi 00 1 5 


P - 1 5 


Z Z _> 


O . 3 


© J5S 00 1 6 


P - 1 6 


1 O "7 

18 7 




tt 15 00 l 


T» X T 

PN 


17 6 


7 7 ) 

/ . Z 


fcb fee 00 2 


TBB A 


1 2 0 


O . 1 | 


Fh fe> #7l( 1 
£G $x t/U -J 


B HPP 

U 111 1 


1 25 


6.8 


tb «8 81 4 


DICY 


243 


8.1 


tt m m 5 


MA 


2 1 1 


8.1 


tb m m 6 


B PA 


150 


6.8 


fcb $5 m 7 


DDM 


238 


8.5 


tb $5 09 8 


DDS 


242 


8.7 
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'f* PP 


® ft M 


10% m%: ' 

c c 


°C 


1± 700°C 9 f£ 


-fcft- /Kif 1 

H Si m i 


r - 1 


1 Q 1 


A 1 1 
4 1 J 


1 7 
J z 


rjtz -fcA- /TCtt o 

k 5S 2 


r - z 


4 7 1 
4 / 1 


*T U J 
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W M v [ l 3 


D 1 

x - J 
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j y o 


4 7 


sigz -fcfe /Kit /| 
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1 7 1 
J / 1 


J V J 


J z? 
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M M f?!l 5 


D C. 

P - j 


1 Q 7 
J o / 


A fi 1 


4 f) 


-tV rr,[ r 

I I f 6 
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A fl 1 
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1 C 7 
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4 ? 1 
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J-/— rr-,f o 

M Jtfi #'J 8 
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J OJ 


A 1 1 
4 1 J 


^ 4 
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M 0'J 9 


P - 9 
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JO/ 


/t O 1 
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4 7 
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-f-A- /Kif i r\ 

W M m 1 o 


r - 1 (J 
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jo 1 


4 U J 


4 0 


B S& #'J 1 1 


P - 1 1 


3 v J 


A 7 Q 
4 Z V 


-> o 
J o 


Sfe /TT/f -I 

M Sffi Wl I 2 


P - 1 z 


ICQ 


4 U J 


J o 


5Jy -fcfe /cm i i 

M Bfc Wl 1 3 


P - 1 J 


1 O 1 


4 1 1 


1 0 
J o 
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1 0 "7 
JO/ 
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^ 4 
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THPP 
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37 


fch IS ffU 4 
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4 1 8 
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12 


tb Mi fll 5 


MA 
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44 1 


12 
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B PA 
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15 


fcb m m i 
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30 | 


fcb $5 m 8 


DDS 
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